We report a retrospective analysis of the clinical indica tions for 3555 penetrating keratoplasties performed at our department between 1971 and 1990. The cases were distributed among 12 diagnostic categories. Regrafting was the most common indication overall, accounting for 1452 cases (40.8%). Other major indications were, in order of decreasing frequency, keratoconus (17%), scar ring secondary to herpes simplex keratitis (11.7%), aphakic bullous keratopathy (5.9%) and interstitial kera titis (5 %). Further analysis of the relative percentages in each category within each 5-year interval of the study period was carried out to identify any changes in inci dence. Viral disease as an indication for penetrating ker atoplasty has shown a gradual decrease in frequency, accounting for only 6.4% of the cases during the last S-year period (1986-90) compare� with 19.6% during the first 5 years . This finding is consistent with the marked improvement in the recognition and medical treatment of herpes simplex keratitis. The increase in incidence of grafting for pseudophakic bullous kera topathy in 1986-90 (6.7%) compared with 1981-85 (1.1 %) correlates well with the dramatic increase in the number of cataract extractions with intraocular lens implantations performed during that period.
SUMMARY
We report a retrospective analysis of the clinical indica tions for 3555 penetrating keratoplasties performed at our department between 1971 and 1990. The cases were distributed among 12 diagnostic categories. Regrafting was the most common indication overall, accounting for 1452 cases (40.8%). Other major indications were, in order of decreasing frequency, keratoconus (17%), scar ring secondary to herpes simplex keratitis (11.7%), aphakic bullous keratopathy (5.9%) and interstitial kera titis (5 %). Further analysis of the relative percentages in each category within each 5-year interval of the study period was carried out to identify any changes in inci dence. Viral disease as an indication for penetrating ker atoplasty has shown a gradual decrease in frequency, accounting for only 6.4% of the cases during the last S-year period (1986-90) compare� with 19.6% during the first 5 years . This finding is consistent with the marked improvement in the recognition and medical treatment of herpes simplex keratitis. The increase in incidence of grafting for pseudophakic bullous kera topathy in 1986-90 (6.7%) compared with 1981-85 (1.1 %) correlates well with the dramatic increase in the number of cataract extractions with intraocular lens implantations performed during that period.
The indications for penetrating keratoplasty have gradu ally changed over the past 20 years, reflecting changes in the incidence and management of various corneal dis orders, as well as the incidence and effect of other ocular surgical procedures.1-6 Continued improvement in sur gical technique, instrumentation and donor tissue preser vation have made corneal grafting a highly successful surgical procedure, with a subsequent increase in the number of penetrating keratoplasties performed and a broadening of their indications. In order to assess the varitThis paper is dedicated to the late Tom Casey and the significant contribution he made to British and international ophthalmology. 
MATERIAL S AND METHODS
We reviewed the clinical charts of all the patients who had undergone penetrating keratoplasty at our unit during the 20-year period from 1 January 1971 to 31 December 1990. Information obtained included date of surgery, patient age, and the pre-operative clinical diagnosis for which the operation was performed. When clinical information regarding the diagnosis was insufficient, additional details were obtained by examining the histopathological report to identify more clearly the disease present. The final diag nosis was arrived at by the correlation of the clinical and pathological features.
The cases were distributed among 12 diagnostic cate gories. The category of regraft included any eye that underwent penetrating keratoplasty which had had a pre vious transplant. This category was further analysed for the aetiology of failure of the previous graft in each case. In cases of pseudophakic bullous keratopathy, information was obtained regarding the type of intraocular lens and correlated to the year of transplantation.
Further analysis of the relative percentages in each of the 12 categories within each 5-year interval of the study period was performed to identify any changes in incidence.
RESULTS
A total of 3555 full-thickness corneal transplants were performed between 1971 and 1990. An average of 178 penetrating keratoplasties were performed each year, ranging from 78 in 1971 to 321 in 1990. Analysing the number of operations performed within each 5-year inter val of the study period showed that a large number of cases were performed between 1981 and 1985 ( Table I ).
The average age of patients undergoing penetrating ker- atoplasty was 59 years (range 2 months to 95 years). We could not identify any significant change in age character istics during the study period.
Regrafting was the most common indication, account ing for 1452 cases (40.8%) of all penetrating keratoplas ties performed (Table I ). Further analysis of this category to identify the indications for regrafting (i.e. causes of fail ure of the previous transplant) showed that the commonest cause of repeat grafting was endothelial decompensation (Table II) . This accounted for 563 regrafts of which 65 cases presented with primary graft failure while the remaining 498 cases had late endothelial decompensation. Over 76% of graft failures due to endothelial decompensa tion occurred in grafts performed during the first 10 years of the study.
The second most common cause for repeat penetrating keratoplasty was endothelial rejection, which occurred in 640 cases (3.6%) of the regraft category. Graft rejection was diagnosed by the appearance in a previously clear graft of at least one of the following: (1) endothelial rejec tion line, (2) keratic precipitates and (3) localised graft oedema, the edge of which usually coincided with the ker atic precipitates.
The least common indication for repeat grafting was high post-keratoplasty astigmatism that could not be suc cessfully corrected with contact lenses or refractive sur gery; this accounted for 2% of the regrafts.
Keratoconus, scarring secondary to herpes simplex keratitis and aphakic bullous keratopathy as indications for penetrating keratoplasty all followed regrafting in fre quency, accounting for 597 (16.8%), 417 (11.7%) and 210 (5.9%) cases, respectively. Keratoconus showed little significant change over the study period. Herpes simplex keratitis, however� decreased in frequency, from 147 of 747 cases (19.6%) in the first 5-year interval to 57 of 888 cases (6.4%) in the last 5-year interval (Fig. 1) . Interstitial keratitis demonstrated a similar decrease in frequency, from 9.6% of the cases in 1971-75 to 3.3% in 1986-90 (Figs. 2 and 3) .
Pseudophakic bullous keratopathy showed a sixfold increase in incidence as an indication for grafting between 1981-85 (1.1 %) and 1986-90 (6.7%) ( Table I) . Of the 72 cases of pseudophakic bullous keratopathy, 54 (75%) were associated with anterior chamber intraocular lenses (Table III) . This association demonstrated a constant increase in frequency, from 6 of 12 cases (50%) in 1981-85 to 48 of 60 cases (80%) in 1986-90.
Iris-fixation lenses accounted for 10 of the total of 72 cases (13.9%), but showed a gradual decrease in fre quency from 4 of 12 cases (33.3%) in 1981-85 to 6 of 60 cases (10%) in 1986-90.
Posterior chamber lenses were found in 8 of the 72 eyes (11.1 %) over the period of the study. The commonest dys trophy requiring corneal grafting in our study was Fuchs' dystrophy, whch accounted for 140 penetrating kerato- plasties (3.9%). The total number of grafts performed for other corneal dystrophies was 189 (5.3%). Further analy sis of this category demonstrated that after Fuchs' dys trophy the second most common dystrophy requiring grafting was Reis-Buckler dystrophy (73 cases), followed by lattice dystrophy (51 cases) and macular dystrophy (24 cases) (Table IV) . Degenerative conditions accounted for 105 cases (2.9%) of the total grafts in our study. This cate gory included, in order of decreasing frequency, Salz man's nodular degeneration (49 cases), spheroidal degeneration (36 cases), calcareous degeneration (10 cases) and lipid degeneration (10 cases).
DISCUSSION
In the 20-year period from January 1971 to December 1990, 3555 penetrating keratoplasties were performed in our unit. The most common indication was regrafting, which accounted for 1452 cases (40.8%). This is far higher than in most published series, l-{i reflecting the ter tiary referral nature of this unit as evidenced by the fact that 852 of these repeat grafts (58.6%) had had the pre vious graft performed elsewhere. Late endothelial decom pensation and rejection were the reasons for the failure of most of these grafts (Table 11 ). There was a remarkable decrease in the number of graft failures due to endothelial decompensation over the last 10 years of the study period; 24% of such failures occurred in the last 10 years as opposed to 76% in the first 10 years. This finding could be attributed to the recent improvements in corneal surgical techniques and instrumentation.6 Furthermore, improve ment in eye-banking techniques have dramatically improved the quality and availability of donor corneal tis sue over the past 10 years. The other major indications for keratoplasty were, in order of decreasing frequency, keratoconus (16.8%), scar ring due to herpes simplex keratitis (11.7%), corneal dys trophies (9.2%), aphakic bullous keratopathy (5.9%) and interstitial keratitis (5%).
There are some interesting trends in the frequencies of indications for corneal grafting over this 20-year period, as highlighted in the differences between Figs. 2 and 3 . Pseudophakic bullous keratopathy has recently been the commonest indication for corneal grafting in the United States.2,6-11 In our study period it appeared only recently, and although it increased from 1.1 % to 6.7% in the last decade (Table I) , this is still a relatively low proportion. This again may reflect referral practices in United King dom. The variation in the number of cases of aphakic bull ous keratopathy is undoubtedly due to the shift towards implantation of intraocular lenses in cataract surgery.
Fuchs' dystrophy, other dystrophies and keratoconus have remained static as indications. It might have been expected that with better contact lens technology and fit ting, corneal grafting for keratoconus might be delayed until later in the degenerative process, with a subsequent decrease in the relative percentage of total grafts it accounted for. However, this trend may have been offset by earlier grafting in some cases due to improvements in expected outcome. 12 The number of penetrating keratoplasties for interstitial keratitis decreased markedly in our series in the 1970s, as would be expected with efficient medical control of the causes. This supports the findings of other published series in the United States.3,6 Herpetic keratitis has declined steadily as an indication for grafting over the last 20 years (Fig. 1) , consistent with the development of bet ter antiviral agents and improved medical management of the condition in genera1. 2, 13 The total number of grafts performed annually in our unit has not changed significantly over the last two dec ades. There have been decreases in the numbers of grafts for certain indications but these have been offset by the appearance of new indications, such as pseudophakic bull ous keratopathy, and possibly by the earlier intervention in other conditions and reintervention where grafts have K. W. SHARIF AND T. A. CASEY failed. It may be that technological and pharmacological advances have produced better results from grafting over the last 20 years, but as the procedure is performed for a variety of indications in more complicated cases, the expectations of both patients and surgeons are increasing and demand even greater attention to detail in the practice of penetrating keratoplasty.
